A novel halophilic archaeon, designated strain WIIAL99
The genus Natronoarchaeum, a member of the order Halobacteriales [1] in the class Halobacteria, was proposed by Shimane et al. [2] to accommodate the species Natronoarchaeum mannanilyticum based on a strain isolated from commercial salt in Japan [2] . Recently, two other novel species in this genus, Natronoarchaeum philippinense and Natronoarchaeum rubrum isolated from commercial solar salt and marine solar saltern, have been published (www.bacterio.net/) [3, 4] . They are halophilic, requiring at least 1.4 M NaCl for growth, lyse in distilled water and are slightly alkaliphilic or alkalitolerant. The major lipids are phosphatidylglycerol, phosphatidylglycerol phosphate methyl ester, disulfated mannosyl glucosyl diether and an unknown glycolipid [4] .
During our surveys on the halophilic archaeal diversity of Meyghan hypersaline lake in Iran, a halophilic archaeal isolate (WIIAL99 T ) related to the three current members of the genus Natronoarchaeum was obtained. Lake Meyghan (34 11¢-27.91¢¢ N, 49 50¢-26.70¢¢ E) is one of the most important hypersaline lakes in Iran, because of its mineable sodium sulfate deposits, which are the largest in the Middle East [5] . Lake Meyghan covers an area of 100-110 km 2 in the central part of Iran (Markazi province, north of Arak city) and is surrounded by mountains with heights between 2000-3000 m above sea level. The lake itself is located at an altitude of 1660 m in an area with an arid to semi-arid continental climate. Temperature ranges from about À30 C in winter to +40 C in summer [5] .
The aim of the present work was to determine the exact taxonomic position of strain WIIAL99 T by using a polyphasic taxonomic characterization that combined phenotypic, chemotaxonomic, phylogenetic and genotypic analyses. These results indicated that strain WIIAL99
T represents a novel species of the genus Natronoarchaeum.
Strain WIIAL99
T was isolated by plating the water samples taken from Lake Meyghan on neutral oligotrophic haloarchaeal medium (NOM), which contained the following ingredients (g l [6] . The medium was solidified with 2.0 % agar. The strain was routinely grown aerobically at 37 C in NOM.
The genomic DNA of strain WIIAL99 T was extracted as described previously by Lam [7] . The full-length orthologous 16S rRNA gene sequence of strain WIIAL99
T was amplified and sequenced as described previously [8] and relevant sequences retrieved from the DNA Data Bank of Japan [9, 10] were aligned using the CLUSTAL X version 2.0 software package [11] . A phylogenetic tree was reconstructed by using the neighbour-joining (NJ) algorithm [12] and was evaluated by bootstrap sampling, expressed as percentages of 1000 replicates [13] . Maximum-likelihood (ML) [14] analysis and support values were performed with raxmlGUI version 1.31 [15, 16] .
The most closely related recognized species with the orthologous 16S rRNA gene of strain WIIAL99
T (GenBank accession no. LC221842, 1471 bp) were the strains of members of the genus Natronoarchaeum including Nac. rubrum JCM 17119 T (LC189238, 1471 bp), Nac. philippinense JCM 16593 T (AB935416, 1471 bp) and Nac. mannanilyticum JCM 16328 T (AB935415, 1471 bp) with orthologous 16S rRNA gene sequence similarities of 98.2, 97.6 and 96.9 %, respectively. The sequence similarity of strain WIIAL99 T to the most closely related species indicated that this strain can be proposed as a novel species [17] . The phylogenetic position of the new isolate was determined in trees generated using NJ ( PCR amplification and sequencing of the RNA polymerase B¢ (rpoB¢) gene was performed as described previously [18] . The rpoB¢ sequence of strain WIIAL99
T (GenBank accession no. LC221841, 1833 bp) showed sequence similarity to those of the type strains of members of the genus Natronoarchaeum including Nac. mannanilyticum YSM-123 T , Nac. rubrum GX48 T and Nac. philippinense 294-194-5 T with rpoB¢ gene sequence similarities of 95.5, 95.2 and 93.4 %, respectively. The sequence similarity of rpoB¢ gene confirmed that strain WIIAL99 T represents a novel species [18] . In the NJ tree reconstructed using rpoB¢ sequences (Fig. 1b) and ML algorithms (Fig. S1b ) strain WIIAL99 T clustered with members of the genus Natronoarchaeum and formed a monophyletic group. These results supported the placement of strain WIIAL99
T as a novel species.
DNA-DNA hybridization values between strain WIIAL99
T and Nac. rubrum IBRC-M 11088 T and Nac. philippinense IBRC-M 10938 T were assessed by using the fluorometric method of Ezaki et al. [19] . The DNA-DNA hybridization values were 26 and 51 % between strain WIIAL99
T and Nac.
rubrum IBRC-M 11088 T and Nac. philippinense IBRC-M 10938 T , respectively. DNA-DNA relatedness lower than 70 % is considered to be the threshold value for the delineation of genospecies [20] , so this result confirmed that the new strain constitutes a new species.
The DNA G+C content of the total DNA of strain WIIAL99
T , determined by whole genome sequencing, was 66.7 mol%. This value was higher than those of Nac. mannanilyticum YSM-123 T (63.0 mol%) and Nac. philippinense 294-194-5 T (63.0 mol%), and similar to that of Nac. rubrum GX48 T (66.2 mol%).
All phenotypic tests were performed according to the proposed minimal standards for describing novel taxa in the class Halobacteria by Oren et al. [21] . The type strains Nac. mannanilyticum IBRC-M 10941 T , Nac. philippinense IBRC-M 10938
T and Nac. rubrum IBRC-M 11088 T were used as reference strains in subsequent testing in this regard. Cell morphology and motility were examined with an Olympus BX51 microscope equipped with phase-contrast optics. For photography, drops of exponentially growing liquid cultures were used directly without fixing. Colony morphology was observed on agar medium under optimal growth conditions after incubation at 37 C for 14 days. Gram-staining was performed according to Dussault [22] . Cells of strain WIIAL99
T were non-motile, pleomorphic (0.4-1.1Â0.6-5.0 µm) when grown in liquid NOM (Fig. S2) . Cells stained Gram-negative and colonies formed on solid NOM were small (approx. 1 mm in diameter even after prolonged incubation), circular, smooth and pink-red pigmented colonies. Strain WIIAL99
T was able to grow at 20-55 C (optimum growth at 37-40 C), in the presence of 2.5-4.5 M NaCl (optimum 3.5 M NaCl). Magnesium was required for growth within the range 0.05-0.8 M (optimum growth at 0.1 M). The growth pH range was 6.0-8.5 (optimum growth at pH 7.0). The cells of strain WIIAL99
T lysed in distilled water and the minimum NaCl concentration that prevented cell lysis was 8 % (w/v).
Tests for catalase and oxidase activities and for the hydrolysis of starch, gelatin, casein and Tween 80 were performed as described by Gonzalez et al. [23] . was detected by using sulfanilic acid and alpha-naphthylamine reagent [24] . H 2 S formation was investigated by checking for a black sulfide precipitate in medium containing 0.5 % (w/v) sodium subsulfite. Antimicrobial sensitivity was determined by the disc diffusion method after spreading the strain on solid NOM [21] .
Utilization of carbohydrates and other compounds as sole carbon sources, acid production from these compounds, and indole production from tryptophan were carried out as described by Oren et al. [21] . Anaerobic growth in the presence of DMSO, L-arginine, and nitrate were tested in NOM as described previously [21] . T are given in the species description.
The polar lipids were extracted by using a chloroformmethanol system and analysed using one-and two-dimensional thin-layer chomatography (TLC; Silica gel 60 F 254 
